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ILLUSTRATIONS

INTRODUCTION
The objective of the U.S. Geological Survey's (USGS) Chesapeake Bay
Ecosystem Program is to provide information on ecosystem structure responses to changes in water quality , especially nutrients, and to climate variability. This information is used by the broad community of policy makers, resource managers, scientists, and private citizens working on the environmental restoration of the Chesapeake Bay, including the Chesapeake Bay Program (CBP) Ð which is coordinated by the U.S. Environmental Protection Agency (EPA). During this century, the ecosystem of the Chesapeake Bay, the NationÕs largest estuary, has been adversely affected by the loss of submersed aquatic vegetation (SAV) throughout the system. These primary producers form the base of the food chain and provide critical habitat for many of the living resources of the estuary, such as finfish, shellfish, and waterfowl. Decline in SAV has been attributed primarily to decreased water clarity, in response to increases in nutrient and sediment loads that have accompanied regional population growth.
As part of the USGS mission, USGS scientists are collecting and analyzing data related to current and historical nutrient and sediment loads in the drainage basin of the Chesapeake Bay and determining linkages between water quality and the distribution and abundance of SAV in the Potomac River drainage basin. In the tidal Potomac River, since the early 1980Õs, there has been both a dramatic resurgence as well as a retreat of SAV. The resurgence has been attributed primarily to improved waste-water treatment leading to improved water-column clarity over this time period. (Carter and Rybicki, 1986 .) At the same time, there has been a minimal but consistently positive trend in the reemergence of SAV in the Potomac Estuary . This report provides information about the variations in the areal coverage of SAV in the tidal Potomac River and Potomac
Estuary in relation to variations in water-quality as defined by CBP criteria for the period 1983 through 1997.
TIDAL POTOMAC RIVER AND POTOMAC ESTUARY SEGMENTATION AND COVERAGE BY SUBMERSED AQUATIC
VEGETATION
The tidal Potomac River and Estuary extends 183 km from Little Falls near Chain
Bridge in Washington, D.C., down to the riverÕs mouth at the Chesapeake Bay. For its studies, the CBP has divided the Potomac River and Estuary into three segments by salinity regimes --tidal fresh, oligohaline and mesohaline. Before 1997, the CBP defined these segments as TF2, RET2 and LE2, respectively, but they have since been redefined and renamed POTTF, POTOH, and POTMH, respectively. (Table 1 summarizes the various abbreviations used throughout this report.) In this report, data are reported by the three segments TF2, POTOH, and POTMH, as shown in Figure 1 .
Differences in realignment between the oligohaline (RET2 versus POTOH) and mesohaline (LE2 versus POTMH) segments were significant. Realignment within the freshwater tidal regime (TF2 versus POTTF) consisted primarily of the exclusion of two creek areas from the TF2. This designation of POTTF impeded historical comparisons, so that TF2, rather than POTTF, was used in this study .
For USGS study purposes, the tidal fresh segment, TF2, has been further subdivided into two segments, an upper tidal fresh (UTR) and lower tidal fresh (LTR) segment. (Carter and Rybicki, 1986; Carter and Rybicki in Batiuk and others, 1992.) Studies have indicated that historical patterns of SAV growth in UTR and LTR segments have been different (Landwehr and others, 1997 Figure 1 . Because the areas of the salinity regime-based river segments that have been adopted by the CBP are fairly large, we have also considered smaller river segments around each of the nine water-quality monitoring sites. Each river segment consists of the six-kilometer river-length area which encompasses the water-quality site; that is, the segment comprises the three-kilometer river-length areas immediately above and downstream from a water-quality monitoring site. The SAV coverage for each of these monitoring station segments was determined jointly by workers at the USGS and at the Virginia Institute of Marine Science. SAV coverage in hectares by station segment and year is given in Table 3 .
WATER-QUALITY DATA
The MD DNR routinely analyzes water samples for a suite of water-quality parameters. Generally, two samples per month are collected during the SAV growing season (April through October). According to Batiuk and others (1992) , five water quality parameters are considered to be particularly relevant for SAV habitat restoration and SAV survival --Secchi depth (SECCHI), total suspended solids (TSS), chlorophyll-a concentration (CHLA), dissolved inorganic phosphorus (DIP), and dissolved inorganic nitrogen (DIN). We obtained data sets for these five parameters from the MD DNR Sampling Program for April through October for the period 1983 through 1997.
The following quality control procedures were followed in preparing the data for analysis. First, data obtained from the MD DNR was examined for outliers and any extraordinary values were discussed with MD DNR staff. In a very few cases, numbers were adjusted, but only in accordance with recommendations by MD DNR staff. Second, a small number of measurements were reported to be below the detection limit of the respective analytical procedure. After examination of the distribution of the seasonal data for each respective parameter for any season during which a value below the detection limit was reported, we decided to set those values equal to the detection limit because the seasonal distributions were not markedly affected. Third, in several cases, replicate samples were analyzed and two measurements were reported for the same parameter on the same day at the same time and location. In these cases, the two measurements were averaged and the average was used in the analysis, unless one of the measurements was reported as below the detection limit, in which case only the measurement not below the detection limit was used.
In discussing the data with staff at MD DNR, we discovered that from 1991 forward, analyses for DIP and DIN were run on filtered water samples, whereas prior to 1991, all analyses were performed on unfiltered samples. Unfortunately, no overlap sampling period existed during which both filtered and unfiltered samples were analyzed. Thus, it is possible that our results reflect changes in sampling procedures in addition to variations in river column conditions before and after 1990.
The median seasonal value for the set of measurements for each parameter for each year was computed. For the CBP segments, measurements made at each waterquality monitoring site within the respective segment were pooled and the season median was computed for the entire data set. Median values for the SAV growing season for the pertinent parameters for years 1983 through 1997 are given in Tables 4-8 
CHESAPEAKE BAY HABITAT CRITERIA AND SCORES
The CBP identified salinity-regime based criteria for certain critical water-quality parameters in order to assure the restoration of SAV. These parameters were identified in Table IV -1 (p.27) of the Chesapeake Bay Technical Synthesis Report (Batiuk and others, 1992) . A DIP criterion specifically for the tidal Potomac River and Potomac Estuary was given in Table V -10 (page 74) of that same report. These criteria are presented in Table 18 , expressed as bounds on the median values of samples collected during the SAV growing season (April-October). Note that the criterion for the light attenuation coefficient is expressed in terms of the more commonly made measurement of Secchi depth (SECCHI) by using the conversion factor assumed for the Chesapeake
Bay by the CBP, namely SECCHI=1.45/(light attenuation coefficient); to be conservative, terms are rounded up. Note also that the criterion is equivalent to one expressed as per cent (%) light saturation in reference to a specified depth in the water column, for example, the one-meter restoration goal . The growing season (AprilOctober) medians were calculated for the period 1983 through 1997. These are shown by salinity regime segment in Tables 5-11 , and by monitoring station in Tables 12-20 .
In order to summarize for management purposes whether or not the criteria have been historically satisfied, the median seasonal sample values for the water quality parameters for the several tidal Potomac River and Estuary segments can be converted into Òachievement scoresÓ, which are here called ÒChesapeake Bay habitat criteria scoresÓ. A score is assigned for each water-quality parameter by river segment for each year studied by the steps outlined in 1-3 below.
1. Consider a river segment r which is in salinity regime s (fresh, oligohaline or mesohaline). For each water-quality parameter i, the median value of measurements made for samples taken during the SAV growing season ( April-October) in year t is represented as median (i,r,t). Table 18 presents the criterion (i,s) to which the median in salinity regime s for water quality parameter i is compared.
2. For i = TSS, CHLA, DIP and DIN, the criteria define an upper bound which the seasonal median should not exceed. The Chesapeake Bay habitat score is computed to be:
but if Score (i,r,t) < -1, then set Score (i,r,t) = -1.
3. For i = SECCHI, the criterion defines a lower bound for the seasonal median. The Chesapeake Bay habitat score is computed as follows.
if Score (i,r,t) > +1, then set Score (i,r,t) = +1.
Thus, for each water quality characteristic, the score is bounded; that is,
When a criterion is satisfied for a particular year, Score (i,r,t)Ê≥Ê 0, but when a criterion is not satisfied during a particular season, Score (i,r,t) < 0. If Score (i,r,t)Ê=Ê 0, then the criterion has just been met.
Figures 2 through 15 include bar charts to graphically depict the scores for each water quality parameter and river segment derived from the seasonal median values presented in Tables 4 through 17 , respectively , and the criteria in Table 18 .
CHESAPEAKE BAY HABITAT CRITERIA SCORES AND COVERAGE BY SUBMERSED AQUATIC VEGETATION
SAV coverage given in Tables 2 and 3 
Criteria by Salinity Regime
The median value of measurements made during the SAV growing season (April through October) for each water-quality parameter must satisfy the criterion for the specific salinity regime of the sampling site. * This is equivalent to a criterion for the seasonal median value of the light attenuation coefficient to be ≤ 2, and for the seasonal median percent light to be ≥12.6% at 1-meter depth in the water column, assuming the Chesapeake Bay Program conversion factor, light attenuation coefficient = 1.45/SECCHI. ** This is equivalent to a criterion for the seasonal median value of the light attenuation coefficient to be ≤ 1.5, and for the seasonal median percent light to be ≥23.5% at 1-meter depth in the water column, assuming the Chesapeake Bay Program conversion factor, light attenuation coefficient = 1.45/SECCHI. 
Water-
